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Abstract
Background The triglyceride (TG)to high-density lipoprotein cholesterol (HDL-C) ratio has been regarded as an independent predictor of
cardiovascular events. However, the association of TG/HDL-C ratio with survival in patients with diabetes and coronary artery disease (CAD)
on statin therapy remains uncertain. The aim of the present study was to explore whether TG/HDL-C ratio predicts mortality in diabetic
patients with CAD on statin treatment.

Methods A total of 2080 consecutive patients with type 2 diabetes and angiographic-proven CAD who were treated with statin were enrolled
in the presents study. Patients were divided into tertiles according to baseline TG/HDL-C ratio. The primary endpoints were all-cause and
cardiovascular mortality.

Results During 4-year follow-up, 209(10.0%) patients died, 136(65.1%) caused by cardiovascular disease (CVD). The Kaplan-Meier analyses
showed that all-cause and cardiovascular mortality increased gradually with rising TG/HDL-C ratio tertiles (log-rank test, P < 0.001,
respectively). Multivariate cox hazard regression analysis revealed that patients in tertile 3 but not teretile 2 had signi�cantly higher rate of
all-cause and cardiovascular mortality (P < 0.001, P < 0.05, respectively). Moreover, TG/HDL-C ratio was independently associated with all-
cause mortality (HR: 1.21, 95% CI:1.11–1.31; P < 0.001) and cardiovascular mortality (HR:1.28, 95% CI: 1.19–1.37; P < 0.001). For all-cause
mortality, TG/HDL-C ratio signi�cantly improved the C-statistic (0.799[0.766–0.833] to 0.813[0.780–0.845]; P = 0.018), net reclassi�cation
index (NRI) (0.315; P < 0.001), and integrated discrimination index (IDI) (0.012; P = 0.003). For cardiovascular mortality, TG/HDL-C ratio
signi�cantly improved the C-statistic (0.769[0.727–0.812] to 0.810[0.771–0.849]; P = 0.001), NRI (0.442; P < 0.001), and IDI (0.039; P < 0.001).

Conclusions TG/HDL-C ratio may predict mortality risk among diabetic CAD patients receiving statin treatment. These �ndings suggest that
assessing TG/HDL-C ratio may be useful for risk strati�cation for mortality risk in patients with diabetes and CAD.

Background
Diabetes mellitus (DM) is an independent risk factor for coronary artery disease (CAD)[1]. Numerous studies have demonstrated that statin
therapy signi�cantly reduce cardiovascular events in patients with DM[2–5]. More than one-quarter of patients with CAD are combined with
Type 2 DM(T2DM). Despite the wide use of statin, patients with T2DM and CAD remain at higher risk of mortality compared with those
without diabetes, part of which results from abnormal lipoprotein and lipid levels[6]. Therefore, it is necessary that lipid status be reassessed
in patients with T2DM and CAD on statin treatment to identify those with higher residual risk so that tailored risk reduction strategies can be
provided.

Dyslipidemia is characterized by higher triglyceride (TG) levels, lower high-density lipoprotein cholesterol (HDL-C) levels and increased small
dense high-density lipoprotein cholesterol(sd-LDL) particles in patients with T2DM[7, 8]. It has been demonstrated that elevated serum TG
and reduced HDL-C levels contribute to poor prognosis in patients with T2DM[9–12]. However, TG and HDL-C levels alone do not re�ect the
actual status of plasma atherogenicity and cardiovascular disease (CVD) risk[13]. The TG/HDL-C ratio,which may re�ect TG and HDL-C
simultaneously, has been considered as a marker of plasma atherogenicity[14]. Moreover, TG/HDL-C ratio can be a better predictor for insulin
resistance (IR)[15–17], which can re�ect the degree of abnormal glucose metabolism. Numerous studies have shown a positive association
between the TG/HDL-C ratio and cardiovascular risk factors, including hypertension[18–20], obesity[21], metabolic syndrome[22–24],
hyperuricemia[25], nonalcoholic fatty liver disease[26, 27]. A high TG/HDL-C ratio is also correlated with increased arterial stiffness[28, 29],
impaired heart rate recovery after exercise [30]and increased carotid atherosclerosis[31]. Furthermore, TG/HDL-C ratio is a good predictor of
risk for cardiovascular events[32–34], all-cause and cardiovascular death[35] among healthy individuals and those with cardiovascular risk
factors. Recent data suggested that higher TG/HDL-C ratio is associated with poor CAD-related prognosis[36–43]. High TG/HDL-C ratio is
signi�cantly associated with increased incidence of T2DM[44–48]. Moreover, TG/HDL-C ratio is also associated with increased incidence of
macrovascular and microvascular complications in patients with T2DM, independently of potential confounders[49]. All these suggest that it
may be plausible to use TG/HDL-C ratio as a predictor of future cardiovascular risk in patients withT2DM and CAD.

However, it is still controversial whether TG/HDL-C ratio may predict cardiovascular events in patients with diabetes[50, 51]. To date, the
prognostic signi�cance of TG/HDL-C ratio in patients with T2DM and CAD on statin treatment is unclear. Therefore, we sought to determine
the association of TG/HDL-C ratio with all-cause and cardiovascular mortality in patients with T2DM and CAD.

Methods
Study population
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The present study was a single-center, retrospective, observational cohort study. From January 2016 to September 2016, a total of 2678
consecutive patients with Type 2 DM and CAD who were admitted to Tianjin Chest Hospital for coronary artery angiography because of
angina-like chest pain were enrolled in this study. DM was diagnosed by fasting plasma glucose (FPG) ≥ 7.0 mmol/L or a 2-h plasma
glucose level on their oral glucose tolerance test (OGTT) ≥ 11.1 mmol/L, hemoglobin A1c(HbA1c) ≥6.5% or currently using insulin or
hypoglycemic medications. The result of coronary angiography (CAG) showed at least one major coronary artery diameter stenosis≥ 50%
was diagnosed as CAD. The CAD included stable angina pectoris (SAP) and acute coronary syndrome (ACS). ACS was de�ned as including
either unstable angina pectoris (UAP), non-ST-segment elevation myocardial infarction (NSTEMI), or ST-segment elevation myocardial
infarction (STEMI). We included only those treated with statin during hospitalization. Those patients with the following characteristics were
excluded: (1) younger than 18 or older than 80 (n=72) ;(2) severe valvular heart disease or severe congenital heart disease requiring cardiac
surgery (n=34) ;(3) sever liver dysfunction (de�ned as alanine aminotransferase > 3 times the normal upper limit) (n = 15) or severe kidney
dysfunction (de�ned as serum creatinine> 1.5 times the normal upper limit )(n=96); (4)hyperthyroidism, hypothyroidism(n=16);(5) those
lacking complete clinical data (n=75);(6) those who did not receive statin treatment during hospitalization(n = 99). A total of 2271 patients
participated in the research. Patients were followed up from January 2020 to September 2020 by telephone or outpatient clinical visit, and
2080 (91.6%) patients completed the 4-year clinical follow-up. The patients were divided into tertiles according to the admission TG/HDL-C
ratio: tertile 1 n=693, TG/HDL-C ratio ≤1.20 tertile 2 n=693, 1.20 < TG/HDL-C ratio ≤1.92 and tertile 3 n=694, TG/HDL-C ratio > 1.92 .This
study was approved by the local research ethics committee and strictly adhered to the Declaration of Helsinki. Given the retrospective nature
of the present research, no informed consent was required.

Data collection and de�nition

Clinical data were collected from all of the medical records by trained clinicians who were blinded to the purpose of the study. The data
included age, gender, duration of diabetes, whether diabetes had been newly diagnosed, smoking history, history of hypertension, previous
myocardial infarction (MI), previous percutaneous coronary intervention (PCI), previous coronary artery bypass graft (CABG), previous stroke,
height, weight, left ventricle ejection fraction (LVEF) and medication at discharge. Peripheral venous blood samples were collected early in the
morning after an overnight fast on admission and analyzed shortly after sampling. FPG, HbA1c, total cholesterol (TC), TG, low-density
lipoprotein cholesterol (LDL-C), HDL-C, serum creatinine, serum uric acid and high-sensitivity C-reactive protein (hs-CRP) were analyzed. Renal
function was assessed using the baseline estimated glomerular �ltration rate (eGFR). Body mass index (BMI) was de�ned as weight
(kg)/height (m2). All of the patients underwent coronary angiography during this hospitalization. Signi�cant stenosis was de�ned as ≥50%
diameter stenosis in at least one major coronary artery and multivessel disease was de�ned as ≥ 2 vessels with signi�cant stenosis as
observed during angiography.

Study endpoints

The endpoints were all-cause and cardiovascular mortality. All-cause mortality was de�ned as death from any cause. Cardiovascular
mortality was de�ned as death related to acute MI, congestive heart failure, malignant arrhythmia, or stroke.

Statistical analysis

Continuous variables were expressed as mean ± standard deviation when normally distributed, and as medians with interquartile ranges for
results not normally distributed. Categorical variables were presented as frequencies. Baseline demographic characteristics, clinical
presentation, laboratory �ndings, extent of CAD, revascularization, and medication data were compared between groups using analysis of
variance or Kruskal-Wallis tests for continuous variables, and with chi-square test or Fisher’s exact test for categorical variables. The event-
free survival rates among groups were calculated by using the Kaplan-Meier method and the log-rank test. The association of TG/HDL-C ratio
with all-cause and cardiovascular mortality was evaluated by multivariate Cox proportional hazard models. Hazard rations (HRs) and 95%
con�dence interval (CI) were calculated for TG/HDL-C ratio as a group variable with the lowest TG/HDL-C ratio tertiles as reference category.
Four adjusted models were used. Model 1 was adjusted for age, male, duration of diabetes, smoker, hypertension, previous MI, previous PCI,
previous CABG, previous stroke, BMI. Model 2 was adjusted for model 1 covariates plus LVEF, ACS, left main disease, multi-vessel disease,
treatment. Model 3 was adjusted for model 2 covariates plus FPG, HbA1c, TC, LDL, Uric acid, hs-CRP, eGFR. Model 4 was adjusted for model
3 covariates plus aspirin, clopidogrel/ticagrelor, β-blocker, angiotensin II coenzyme inhibitor(ACEI)/ angiotensin II receptor blocker(ARB),
calcium channel blocker(CCB), nitrate, insulin. Sensitivity analysis was further performed to clarify the association of TG/HDL-C ratio with
mortality. To evaluate whether an increased TG/HDL-C ratio had incremental predictive value for mortality, C-statistics, net reclassi�cation
improvement (NRI), and integrated discrimination improvement (IDI) were compared between models. The area under the receiver operating
characteristic (ROC) curves was used to indicate the predictive value of the TG/HDL-C ratio for mortality. All-cause and cardiovascular
mortality were also assessed in several subgroups and the possible interaction between TG/HDL-C ratio and the speci�c subgroup. A 2-sided
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analysis with a P value<0 .05 was considered signi�cant. All analyses were performed using SPSS version 20.0 (IBM Corp, Armonk, New
York) and SAS version 9.1.3 (Cary, NC, USA).

Results
Patient’s Baseline Characteristics

The baseline characteristics of the study population according to TG/HDL-C ratio tertiles were presented in Table1. A total of 2080 patients
were included in the study. The mean age was 66.2±6.8 years, the mean duration of DM was 9.7±7.7 years, 1167 (56.1%) patients were
males,913(43.9%) patients were female, 821(39.5%) patients had a history of smoking, 1585(76.2%) patients had hypertension, 257(12.4%)
patients had history of MI, 434(20.9%) patients had history of stroke, 415(20.0%) patients had history of PCI, and 81(3.9%) patients had
history of CABG. Baseline TG/HDL-C ratio ranged from 0.25 to 18.84 in the study cohort. The mean levels of TG/HDL-C ratio of the three
groups were 0.88±0.21, 1.54±0.20, 3.09±1.62,respectively. There were signi�cant differences (P < 0.05) among the three groups in terms of
BMI, HbA1c, TC, TG, HDL-C, uric acid, hs-CRP and eGFR. While there were no signi�cant differences among the three groups in terms of age,
male, duration of DM, smoker, hypertension, previous MI, previous stroke, previous PCI, previous CABG, LVEF, clinical presentation, left main
disease, multi-vessel disease ,treatment strategy, FBG ,LDL-C and the use of medications at discharge including aspirin, clopidogrel or
ticagrelor, β-blocker, ACEI/ARB, CCB, nitrate and insulin.

TG/HDL-C ratio and mortality

During 4-year follow-up, 209(10.0%) patients died, 136(65.1%) caused by cardiovascular disease (CVD). All-cause mortality across TG/HDL-C
ratio tertile groups were 6.6%, 10.1%, 13.4%, respectively. Cardiovascular mortality across TG/HDL-C ratio tertile groups were 3.9%, 6.2%,
9.5%, respectively. As shown in Figure1 and Figure 2, Kaplan-Meier survival analysis showed that the cumulative incidence of all-cause and
cardiovascular mortality signi�cantly increased with higher TG/HDL-C ratio tertiles (log-rank test, P<0.001, respectively).

 As shown in Table2, patients in TG/HDL-C ratio tertile 2 had a 1.54-fold higher risk, while those in tertile 3 had a 2.09-fold higher risk of all-
cause moratlity in the crude model compared with the reference group (TG/HDL-C ratio tertile1). After adjustment for other potential
covariates, patients in TG/HDL-C ratio tertile 3 remained had signi�cantly higher risk of all-cause mortality while no signi�cant difference
was observed for those with tertile 2 compared with TG/HDL-C ratio tertile1 group. For cardiovascular mortality, patients in TG/HDL-C ratio
tertile 2 had a 1.98-fold higher risk, while those in tertile 3 had a 2.45-fold higher risk in the crude model compared with the reference group
(TG/HDL-C ratio tertile1). After adjustment for other potential covariates, patients in TG/HDL-C ratio tertile 3 remained had signi�cantly
higher risk of cardiovascular mortality while no signi�cant difference was observed for those with tertile 2 compared with TG/HDL-C ratio
tertile1 group. Multivariate cox hazard regression analysis showed that TG/HDL-C ratio remained to be an independent predictor of all-cause
and cardiovascular mortality as a continuous variable (HR: 1.21, 95% CI: 1.11-1.31, P< 0.001; HR: 1.28, 95% CI: 1.19-1.38, P< 0.001,
respectively). As shown in Table3, the signi�cant association between TG/HDL-C ratio and mortality remained unchanged in a sensitivity
analysis in which each of the other signi�cant covariates in univariate analysis was forced into the model with continuous TG/HDL-C ratio
(per 1-SD increase).

The ROC analysis showed that the optimal cutoff value of the TG/HDL-C ratio for predicting all-cause mortality was 1.77 (sensitivity 53.1%
and speci�city 62.8%), with an area under the curve (AUC) of 0.601 (95% CI: 0.561-0.640, P<0.001).Adding TG/HDL-C ratio to the model of
established risk factors including age, previous PCI, LVEF, left main disease, multi-vessel disease, FBG and eGFR improved the prediction of
all-cause mortality in C-statistic (from 0.799 to 0.813, P=0.018),and also a signi�cant increase in NRI (0.315, 95%CI:0.175-0.457, P< 0.001)
and IDI (0.012, 95%CI: 0.004-0.021, P=0.003).The ROC analysis showed that the optimal cutoff value of the TG/HDL-C ratio for predicting
cardiovascular mortality was 1.57 (sensitivity 74.3% and speci�city 53.8%), with an area under the curve (AUC) of 0.672 (95% CI: 0.625-0.718,
P< 0.001).

Adding TG/HDL-C ratio to the model of established risk factors including age, previous PCI, LVEF, left main disease, multi-vessel disease, FBG
and eGFR improved the prediction of cardiovascular mortality in C-statistic (from 0.769 to 0.810, P=0.001), and also a signi�cant increase in
NRI (0.442, 95%CI:0.270-0.613, P< 0.001) and IDI (0.039, 95%CI: 0.023-0.055, P< 0.001).

Subgroup analysis

All-cause and cardiovascular mortality were assessed in subgroups obtained by dichotomizing patients according to sex, smoker, BMI (cut-
off value, 28kg/m2), duration of DM (cut-off value, 10 years), ACS, HbA1c (cut-off value, 7.0), LDL-C (cut-off value, 1.8), insulin treatment and
revascularization. For this analysis, TG/HDL-C ratio was dichotomized according to the optimal cutoff values for all-cause and
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cardiovascular mortality. The relationship of TG/HDL-C ratio with all-cause mortality or cardiovascular mortality was relatively consistent
across the subgroups. There were no signi�cant interactions between TG/HDL-C ratio and these variables.

Discussion
Even though TG/HDL-C ratio has been regarded as a marker of plasma atherogenicity and an independent predictor of cardiovascular events,
the potential role of TG/HDL-C ratio in predicting mortality risk in patients with DM and CAD who are treated with statin has not been
determined. As far as our knowledge, the present study is the �rst study to investigate the prognostic value of TG/HDL-C ratio in patients with
DM and CAD in the era of statin therapy. In this study, we demonstrated that higher TG/HDL-C ratio was associated with increased risk of all-
cause and cardiovascular mortality. After adjusting for both established risk factors for CV disease and other prognostic biomarkers,
TG/HDL-C ratio remained an independent predictor of all-cause and cardiovascular mortality. The signi�cant association of TG/HDL-C ratio
with mortality was further con�rmed by sensitivity analysis. Furthermore, adding TG/HDL-C ratio to the established model exhibited a
signi�cant enhancement on the performance of predicting mortality. TG/HDL-C ratio predicted an increased risk of all-cause and
cardiovascular mortality across a wide range of subgroups of patients with DM and CAD. These results are important in that they provide
important information about the unique association between TG/HDL-C ratio and mortality in diabetic patients with CAD treated with statin.
All these suggested that TG/HDL-C ratio is a marker for poor prognosis even in the era of statin treatment that contribute to early
identi�cation of high-risk patients with DM and CAD. Furthermore, routine TG/HDL-C ratio calculation may further improve risk strati�cation
for mortality risk.

It has been demonstrated that LDL-C plays a key role in the development and progression of atherosclerotic cardiovascular disease (ASCVD)
and statin is the �rst-line therapy for lowering LDL-C levels to reduce ASCVD risk. However, patients with DM and CAD remain suffer from
ongoing cardiovascular risk even if LDL-C achieves the targeted goals, which indicates that there are residual cardiovascular risk factors
other than LDL-C. Therefore, the classic lipid-metabolic indicator (LDL-C) cannot completely explain the poor prognosis in diabetic patients.
There is evidence that statin-treated patients with DM have a high prevalence of persistent atherogenic dyslipidemia[13]. Elevated TG levels
and reduced HDL-C levels, as typic lipid feature of diabetes, have been considered as potently atherogenic dyslipidemia in patients with
DM[52, 53]. However, because TG and HDL-C are mutually independent risk factors, their levels alone do not re�ect the actual status of
plasma atherogenicity and CVD risk in the absence of IR[13]. The most relevant cases which has with potent atherogenic effect are those
with concurrent elevated TG levels and reduced HDL-C levels. Thus, TG/HDL-C ratio, as an indicator re�ecting TG and HDL-C simultaneously,
has been regarded as a good marker for CVD in primary and secondary prevention[34, 39]. Moreover, recent �ndings suggested that the
combination of TG and HDL-C in the form of a ratio has better predictive value for mortality than individual cholesterol risk factors[54]. It is
well established that TG/HDL-C ratio is positively associated with the risk of T2DM risk[44–48]. Elevated TG/HDL-C ratios is also associated
with increased risk of CAD in patients with T2DM independent of the baseline LDL-C levels[49]. Furthermore, high TG/HDL-C ratio may
strongly predict the extent of coronary lesion[55, 56]. In statin-treated diabetic patients, TG/HDL-C ratio, as opposed to LDL-C levels, is
associated with vulnerable plaque features evaluated by frequency-domain optical coherence tomography (FD-OCT)[57]. While diabetes is a
major risk factor for CAD, not all patients with diabetes and CAD have an equal cardiovascular risk. Routine lipid examinations do not re�ect
the actual compositional changes of lipid parameters in patients with DM and CAD. Therefore, evaluation of TG/HDL-C ratio may have great
clinical signi�cance on risk strati�cation for patients with T2DM and CAD on statin treatment.

Previous studies have addressed the prognostic role of TG/HDL-C ration in patients with CAD. Studies from wan et al .and Dai et al.
demonstrated that elevated TG/HDL-C ratio was associated with an increased risk of all-cause mortality in CAD patients after PCI[37, 42].
Findings from Matsumoto et al revealed that in statin-treated patients, nonfasting TG/HDL-C ratio was a valuable predictor for
cardiovascular events after PCI[39]. Sultani et al revealed that elevated TG/HDL-C ratio may predict long-term all-cause mortality and major
adverse cardiac event (MACE) in high-risk patients undergoing coronary angiography[40]. Bitter et al. found that after adjusting for
conventional cardiovascular risk factors and coronary disease severity, TG/HDL-C ratio was a powerful independent predictor of all-cause
mortality and cardiovascular events in women with suspected ischemia, but without obstructive plaque on angiography[36]. Prasad et al.
reported that TG/HDL-C predicts adverse cardiovascular events in women with non-obstructive CAD[41]. All these �ndings suggest that using
TG/HDL-C ratio may help predict poor cardiovascular outcomes in patients with CAD regardless of the severity of coronary artery stenosis
and potential sex-speci�c difference in the prognostic value of TG/HDL-C ratio may exist. Calculation TG/HDL-C ratio is useful for
identi�cation of those at high future cardiovascular risk in CAD patients. However, there are signi�cant limitations in few studies that assess
the association between TG/HDL-C ratio and cardiovascular events given the small sample size, gender-speci�c and pre-selected CAD
patients. Furthermore, the incremental prognostic value of TG/HDL-C ratio beyond traditional risk factors was not well investigated.

Besides, it is controversial whether TG/HDL ratio is able to predict cardiovascular risk in patients with established DM. In the Swedish
National Diabetes Register (NDR) study of 54,061 patients with 4.8 years follow-up, obese T2DM patients with elevated TG/HDL-C ratio
signi�cantly increased the risk of CVD independent of LDL-C levels[58]. In a Chinese cohort of 1,447 type 2diabetic patients with
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angiographic-proven stable CAD with an average of 20.3 months follow-up, Yang et al. found that TG/HDL-C ratio was a signi�cant predictor
of cardiovascular events de�ned as the composite of cardiac death, stroke, nonfatal MI and post-discharge revascularization in patients with
diabetes and stable CAD after adjustment for multiple traditional risk factors of CVD[50]. Contrary to these studies, a few other studies failed
to demonstrated the association between TG/HDL-C ratio and adverse cardiovascular events in patients with diabetes. A study of 1021
diabetic patients who were followed up for 8.6 years showed that the value of TG/HDL-C ratio was signi�cantly higher in patients with
cardiovascular events than those without cardiovascular events. However, the association between TG/HDL-C ratio and cardiovascular
events was not signi�cant after multivariate cox hazard regression analysis[59]. In congruent with this study, the sub analysis of the
Management of Elevated Cholesterol in the Primary Prevention Group of Adult Japanese (MEGA) study including 668 patients with DM and
without history of CVD could not demonstrate the independent association between TG/HDL ration and cardiovascular events over a mean
follow-up period of 5.3 years[51]. Discrepancies among the aforementioned studies might due to differences in population studied, event
de�nition and length of follow-up. It is important to note that none of the previous studies considered whether the use of statin modify the
prognostic value of TG/HDL-C ratio in patients with DM.

To the best of our knowledge, the present study is the �rst to focus on patients with T2DM and angiography-proven CAD on statin treatment.
Compared with previous studies focusing on CAD patients, our large cohort study included higher risk of patients who had a higher
percentage of history of CVD. Moreover, patients in our study underwent non-invasive or invasive treatment. It is important to assess data
from patients who underwent non-invasive and invasive treatment because this re�ects the reality of our clinical practice. Except for the CVD
risk factors, the severity of CAD, the cardiac function, the kidney function, blood glucose levels and medication use in the present study were
also adjusted in the multivariable analysis. Consistent with previous studies, our study demonstrated that elevated TG/HDL-C ratio was
associated with poor prognosis in patients with T2DM and CAD. After adjustment for relevant clinical and laboratory covariates, elevated
TG/HDL-C remained a signi�cant and independent predictor of all-cause and cardiovascular mortality. Moreover, TG/HDL-C ratio predicted
an increased risk of all-cause and cardiovascular mortality across all subsets of patients. Even in patients with LDL-C levels ≤ 1.80mmol/L,
elevated TG/HDL-C ratio was still associated with the increased risk of mortality, suggesting TG/HDL-C ratio may explain part of residual risk
and TG/HDL-C ratio may show predictive value for adverse prognosis regardless of level of LDL-C. The TG/HDL-C ratio also showed
predictive values for mortality in patients with HbA1c > 7.0 and ≤ 7.0, which indicated that there is no signi�cant interaction between
glycometabolic status and TG/HDL-C ratio on risk prediction. There were also no signi�cant interactions between TG/HDL-C ratio and other
variables including sex, smoking, BMI, ACS, duration of DM, insulin treatment and revascularization. Therefore, our study extended the
positive association between TG/HDL-C ratio and cardiovascular risk in patients with DM. The use of statin has less impact on the
prognostic value of TG/HDL-C ratio in patients with established DM.

Meanwhile, we assessed the incremental value of TG/HDL-C ratio into a risk prediction model for mortality in terms of C-statistic value, NRI
and IDI. The TG/HDL-C ratio showed signi�cant improvement in risk prediction and risk reclassi�cation for all-cause and cardiovascular
mortality. To the best of our knowledge, the present study demonstrated, for the �rst time, that TG/HDL-C ratio may re�ne risk strati�cation
for mortality. Routinely calculated the TG/HDL-C ratio might be useful for identi�cation of those with higher future cardiovascular risk. Our
results add new evidence for the predictive value of TG/HDL-C ratio for patients with CAD. Although previous studies revealed that elevated
TG/HDL-C ratio increased CVD risk, the cut-off value of TG/HDL-C ratio to predict CVD risk in secondary prevention has not been well
established. We identi�ed 1.77 and 1.57 as the optimal cut-off points of TG/HDL-C ratio to predict the risk of all-cause and cardiovascular
mortality. This indicated that it is desirable to ensure the TG/HDL-C ratio is not higher than the optimal cut-off points to improve prognosis.
More attention should be given to the management of cardiovascular risk in patients with higher TG/HDL-C ratios. Our results provide novel
evidence for the prognostic utility of elevated TG/HDL-C ratio in patients with DM treated with statin.

Several potential mechanisms may account for the association TG/HDL-C ratio with all-cause and CV mortality in patients with T2DM and
CAD. First, TG/HDL-C ratio, as a proxy for atherogenic dyslipidemia, re�ects the complex interaction between atherogenic and protective
lipoprotein. Elevated TG level and decreased HDL-C content may directly contribute to endothelial dysfunction and atherosclerosis.
Furthermore, elevated TG/HDL-C ratio is positively associated with other atherogenic lipid phenotype, characterized by higher small dense
LDL particles [14, 60]along with higher remnant particle cholesterol and non-HDL-C [61]which contribute to progression of atherosclerosis.
Second, elevated TG/HDL-C ratio is associated with worsening IR in patients with diabetes[15, 16]. It is well known that IR is related to the
development and accelerated progression of atherosclerosis, vulnerability of coronary plaques and risk of adverse outcomes in patients with
CAD. Moreover, elevated TG/HDL-C ratio is associated with poor glycemic control in diabetic patients[62]. A hyperglycemic environment may
contribute to the development of macrovascular and microvascular disease in patients with T2DM, such as diabetic nephropathy, CAD,
cerebrovascular disease and peripheral artery disease, all of the conditions known to increase the risk of mortality. Although the exact
mechanism needs to be further elucidated, the association between TG/HDL-C ratio and mortality has practical implications in patients with
T2DM and CAD treated with statin.
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Nonetheless, there are some limitations in the present study. Firstly, owing to the retrospective and observational nature of the present study,
it is di�cult to exclude in�uence from some unmeasured factors. Unmeasured factors such as diabetes complication may have exaggerated
the results of this study. Secondly, lipid levels and other parameters were only examined at admission, therefore, it is not known whether time-
varying TG/HDL-C ratio could predict mortality. Thirdly, data of follow-up statin use and other non-statin lipid-lowering agents were not
available that could potentially impact the association between TG/HDL-C ratio and mortality. Future prospective studies are required to
verify our conclusions. Last but not least, TG/HDL-C ratios are known to vary with ethnicity, which may limit the generalization of these
results. Despite these limitations, the present study has important clinical signi�cance because it is the �rst study to investigate the
association between TG/HDL-C ratio and mortality in patients with T2DM and CAD treated with statin.

Conclusions
An elevated TG/HDL-C ratio may predict all-cause and cardiovascular mortality risk in diabetic patients with CAD on statin treatment. The
prognostic value provided by TG/HDL-C ratio is incremental to the information provided by established risk factors. These �ndings suggest
that assessment of TG/HDL-C ratio should be routinely included for all-cause and cardiovascular mortality risk assessment.
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MI: myocardial infarction; PCI: percutaneous coronary intervention; CABG: previous coronary artery bypass graft; LVEF: left ventricle ejection
fraction; hs-CRP: high-sensitivity C-reactive protein; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; eGFR: estimated
glomerular �ltration rate; BMI: body mass index; HRs: hazard rations; CI: con�dence interval; ACEI: angiotensin II coenzyme inhibitor; ARB:
angiotensin II receptor blocker; CCB: calcium channel blocker; NRI: net reclassi�cation improvement; IDI:  integrated discrimination
improvement; ROC: receiver operating characteristic; AUC: area under the curve; ASCVD: atherosclerotic cardiovascular disease; MACE: major
adverse cardiac event; NDR: National Diabetes Register ; MEGA :Management of Elevated Cholesterol in the Primary Prevention Group of
Adult
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Tables
Table 1 Baseline characteristics of 3 groups

Variable Tertile 1 (n=693) Tertile 2 (n=693) Tertile 3 (n=694) P value

Age, years 66.2±6.7 66.2±6.9 66.1±6.7 0.870

Male

Duration of diabetes

400(57.7)

9.5±7.9

391(56.4)

9.8±7.5

376(54.2)

9.9±7.7

0.405

0.636

Smoker 265(38.2) 289(41.7) 267(38.5) 0.337

Hypertension 529(76.3) 531(76.6) 525(75.6) 0.909

Previous MI 80(11.5) 86(12.4) 91(13.1) 0.674

Previous PCI 153(22.1) 130(18.8) 132(19.0) 0.228

Previous CABG 24(3.5) 25(3.6) 32(4.6) 0.479

Previous stroke 157(22.7) 143(20.6) 134(19.3) 0.303

BMI, kg/m2 25.3±2.9 25.5±2.7 25.7±2.8 0.020

LVEF 58±8 58±9 58±9 0.193

Clinical presentation       0.353

 SAP 131(18.9) 111(16.0) 118(17.0)  

 ACS 562(81.1) 582(84.0) 576(83.0)  

Left main disease 69(10.0) 78(11.3) 71(10.2) 0.707

Multi-vessel disease 561(81.0) 563(81.2) 570(82.1) 0.841

Treatment strategy       0.880

  MT 219(31.6) 202(29.1) 214(30.8)  

PCI

CABG

Laboratory �ndings

FPG, mmol/L,

  HbA1c, %

TC, mmol/L

TG, mmol/L

LDL-C, mmol/L

HDL-C, mmol/L

TG/HDL-C ratio

Uric acid, umol/L

hs-CRP, mg/L

eGFR, mL/min

399(57.6)

73(10.5)

 

7.9±2.9

7.4±1.3

4.58±1.16

1.01(0.81-1.21)

2.96±1.02

1.20±0.29

0.88±0.21

305.4±93.4

1.50(0.59-4.76)

94.0±24.8

410(59.2)

79(11.4)

 

8.0±3.0

7.5±1.4

4.45±1.07

1.52(1.28-1.79)

2.96±0.94

1.01±0.23

1.54±0.20

321.7±92.0

1.83(0.79-4.64)

92.3±23.8

406(58.5)

73(10.5)

 

8.2±3.3

7.7±1.6

4.31±1.10

2.41(1.94-3.06)

2.85±0.95

0.92±0.22

3.09±1.62

331.1±100.3

2.08(0.94-4.82)

89.6±24.6

 

 

 

0.077

0.002

<0.001

<0.001

0.053

<0.001

<0.001

<0.001

<0.001

0.003

 

Table 1 (continued)
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Variable Tertile 1 (n=693) Tertile 2 (n=693) Tertile 3 (n=694) P value

Medications at discharge        

  Aspirin 668(96.4) 673(97.1) 675(97.3) 0.605

Clopidogrel/Ticagrelor 559(80.7) 574(82.8) 581(83.7) 0.307

β-blocker 450(64.9) 461(66.5) 456(65.7) 0.824

ACEI/ARB 404(58.3) 381(55.0) 407(58.6) 0.313

CCB 174(25.1) 199(28.7) 203(29.3) 0.172

Nitrate 382(55.1) 379(54.7) 391(56.3) 0.814

Insulin 284(41.0) 280(40.4) 273(39.3) 0.818

Data are expressed as mean ± SD, medians with interquartile ranges or percentage.

MI myocardial infarction, PCI percutaneous coronary intervention, CABG coronary artery bypass graft, BMI body mass index, LVEF left
ventricle ejection fraction, SAP stable angina pectoris, ACS acute coronary syndrome, MT medical therapy, FPG fasting plasma glucose,
HbA1c Hemoglobin A1c, TC total cholesterol, TG triglycerides, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein
cholesterol, hs-CRP high-sensitivity C-reactive protein, eGFR estimated glomerular �ltration rate, ACEI angiotensin II coenzyme inhibitor, ARB
angiotensin II receptor blocker, CCB calcium channel blocker; SD, standard deviation.

Table2 Cox Regression Models in Predicting all-cause mortality and cardiovascular mortality according to TG/HDL-C ratio at baseline

      HR (95%CI)        

End point TG/HDL-
C ratio

Events,

n/Total (%)

Unadjusted
Model

Model1 Model2 Model3 Model4

All-cause Tertile1 46/693(6.6) 1.00(reference) 1.00(reference) 1.00(reference) 1.00(reference) 1.00(reference)

mortality Tertile2 70/693(101.) 1.54(1.06-
2.23) *

1.48(1.02-
2.15) *

1.46(1.00-
2.12)

1.19(0.81-
1.75)

1.20(0.81-
1.76)

  Tertil3

Per 1-SD

93/694(13.4) 2.09(1.47-
2.98) **

1.17(1.10-
1.24) **

2.08(1.46-
2.96) **

1.23(1.15-
1.32) **

1.99(1.39-
2.84) **

1.26(1.17-
1.35) **

1.49(1.03-
2.15) *

1.21(1.11-
1.31) **

1.50(1.04-
2.18) *

1.21(1.11-
1.31) **

Cardiovascular Tertile1 27/693(3.9) 1.00(reference) 1.00(reference) 1.00(reference) 1.00(reference) 1.00(reference)

mortality Tertile2 43/693(6.2) 1.98(1.28-
3.08) *

1.60(0.99-
2.60)

1.58(0.98-
2.57)

1.41(0.86-
2.31)

1.41(0.86-
2.32)

  Tertile3

Per 1-SD

66/694(9.5) 2.45(1.60-
3.75) **

1.22(1.16-
1.29) **

2.53(1.62-
3.97) **

1.27(1.20-
1.36) **

2.47(1.57-
3.88) **

1.30(1.22-
1.39) **

1.97(1.23-
3.14) *

1.28(1.19-
1.38) **

1.99(1.25-
3.18) *

1.28(1.19-
1.37) **

Model1 was adjusted for age, male, smoker, duration of diabetes, hypertension, previous MI, previous PCI, previous CABG, previous stroke,
BMI; Model 2 was adjusted for model 2 covariates plus LVEF, ACS, left main disease, multi-vessel disease, treatment;Model3 was adjusted for
model 3 covariates plus FPG, HbA1c, TC, LDL, Uric acid, hs-CRP, eGFR; Model 4 was adjusted for model 4 covariates plus aspirin,
clopidogrel/ticagrelor, β-blocker, ACEI/ARB,CCB, nitrate and insulin. TG triglycerides, HDL-C high-density lipoprotein cholesterol, HR hazard
ratio, CI con�dential interval, SD standard deviation. *P<0.05; ** P<0.001.

Table3 Sensitivity analysis of the association of TG/HDL-C ratio per 1-SD with mortality after separate adjustment for each of the other
signi�cant variables
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  Multivariable analysis for all-cause mortality Multivariable analysis for cardiac mortality

Adjustment HR for TG/HDL-C per HR for TG/HDL-C per

variable 1-SD 95%CI P value 1-SD 95%CI P value

Age 1.20 1,13-1,28 <0.001 1.26 1.19-1.33 <0.001

Previous PCI 1.18 1.11-1.25 <0.001 1.24 1.17-1.32 <0.001

LVEF 1.20 1.12-1.27 <0.001 1.26 1.19-1.34 <0.001

Left main disease 1.17 1.10-1.24 <0.001 1.23 1.16-1.30 <0.001

Multi-vessel disease 1.17 1.10-1.24 <0.001 1.22 1.16-1.29 <0.001

FPG 1.17 1.10-1.24 <0.001 1.23 1.17-1.30 <0.001

eGFR 1.15 1.08-1.23 <0.001 1.21 1.14-1.28 <0.001

PCI percutaneous coronary intervention, LVEF left ventricle ejection fraction, FPG fasting plasma glucose, eGFR estimated glomerular
�ltration rate, TG triglycerides, HDL-C high-density lipoprotein cholesterol, HR hazard ratio, CI con�dential interval, SD standard deviation.

Table4 Evaluation of Predictive Models for all-cause and cardiovascular mortality

Endpoint   C-Statistic P
value

NRI (95%CI) P
value

IDI (95%CI) P
value

All-cause      

mortality    

Cardiovascular

mortality

Original model

Original model+TG/HDL-
C ratio

Original model

Original model+TG/HDL-
C ratio

0.799(0.766-
0.833)

0.813(0.780-
0.845)

0.769(0.727-
0.812)

0.810(0.771-
0.849)

Ref.

0.018

Ref.

0.001

 

0.315(0.175-
0.457)

 

0.442(0.270-
0.613)

Ref.

<0.001

Ref.

<0.001

 

0.012(0.004-
0.021)

 

0.039(0.023-
0.055)

Ref.

0.003

Ref.

<0.001

Original model included age, previous PCI, LVEF, left main disease, multi-vessel disease, FPG and eGFR. TG triglycerides, HDL-C high-density
lipoprotein cholesterol, NRI, net reclassi�cation improvement; IDI, integrated discrimination improvement, CI con�dential interval. 

Table5 All-cause and cardiovascular mortality in various subgroups of patients
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    All-cause mortality Cardiovascular mortality

    TG/HDL-C ratio       TG/HDL-C ratio      

Variables ≤ 1.77  > 1.77 HR (95%CI) P for
interaction

≤ 1.57 > 1.57 HR (95%CI) P for
interaction

All patients

Sex

99/1274 110/806 1.821(1.388-
2.389)

 

0.985

36/1083 100/997 3.124(2.135-
4.573)

 

0.552

Women 45/555 47/358 1.661 1.104-
2.500

  15/462 49/451 3.453(1.936-
6.156)

 

Men 54/719 63/448 1.956 1.360-
2.813

  21/621 51/546 2.867(1.725-
4.766)

 

Smoker       0.173       0.537

No 61/770 57/489 1.498 1.044-
2.150

  21/646 59/613 3.041(1.848-
5.003)

 

Yes 38/504 53/317 2.360 1.556-
3.580

  15/437 41/384 3.262(1.805-
5.893)

 

BMI >28       0.741       0.285

No 79/1058 91/655 1.930(1.428-
2.609)

  33/905 83/808 2.918(1.949-
4.367)

 

Yes 20/216 19/151 1.409(0.752-
2.640)

  3/178 17/189 5.504(2.613-
8.783)

 

Duration of DM >10
years

      0.090       0.442

No 53/773 63/491 1.933 1.341-
2.785

  17/654 62/610 4.052(2.369-
6.929)

 

Yes 46/501 47/315 1.697 1.130-
2.548

  19/429 38/387 2.291(1.321-
3.973)

 

ACS       0.438       0.346

No 16/241 15/119 1.973 0.975-
3.990

  4/241 12/119 6.312(2.036-
9.587)

 

Yes 83/1033 95/687 1.783 1.328-
2.394

  32/842 88/878 2.726(1.819-
4.085)

 

HbA1c > 7.0       0.524       0.697

No 41/584 46/336 2.016 1.323-
3.071

  14/499 43/421 3.803(2.081-
6.952)

 

Yes

LDL-C> 1.8

No

Yes

58/690

 

13/149

86/1125

64/470

 

16/118

94/688

1.682 1.179-
2.400

 

1.608(0.773-
3.343)

1.854(1.384-
2.483)

 

0.788

22/584

 

8/136

51/947

57/576

 

11/131

89/866

2.700(1.651-
4.415)

 

3.853(1.075-
13.810)

3.064(2.055-
4.568)

 

0.345

Insulin treatment       0.265       0.502

No 51/751 66/492 2.065 1.433-
2.976

  18/632 61/611 3.616
2.136-

6.112

 

Yes 48/523 44/314 1.566 1.040-
2.357

  18/451 39/386 2.641
1.511-

4.617

 

Revascularization       0.780       0.476



Page 15/15

No 31/393 35/247 1.876(1.157-
3.042)

  9/327 37/313 4.432(2.139-
9.183)

 

Yes 68/881 75/559 1.796(1.293-
2.494)

  27/726 63/684 2.673(1.703-
4.195)

 

BMI body mass index, DM diabetes mellitus, ACS acute coronary syndrome, HbA1c Hemoglobin A1c, LDL-C low-density lipoprotein
cholesterol, HR hazard ratio, CI con�dential interval

Figures

Figure 1

Kaplan-Meier survival curve for all-cause mortality across TG/HDL-C ratio tertiles.

Figure 2

Kaplan-Meier survival curve for cardiovascular mortality across TG/HDL-C ratio tertiles.


